Introduction: Treatment of metastatic renal cell carcinoma (mRCC) has improved with the use of targeted therapies, but bone metastases continue to be negative prognostic factor. Methods: Patients with mRCC treated with everolimus (EV) or sorafenib (SO) after two previous lines of targeted therapies were included in the analysis. Overall survival (OS) and progressionfree survival (PFS) were assessed based on the presence of bone metastases and type of therapy; they were also adjusted based on prognostic criteria. Results: Of the 233 patients with mRCC, 76 had bone metastases. Of the 233 patients, EV and SO were administered in 143 and 90 patients, respectively. Median OS was 10.4 months in patients with BMs and 17.4 months in patients without bone metastases (p = 0.002). EV decreased the risk of death by 18% compared to SO (adjusted hazard ratio [HR] 0.82, 95% confidence interval [CI] 0.74-0.91; p < 0.001), with comparable effects in patients with or without bone metastases. In the same manner, EV decreased the risk of progression by 12% compared to SO (adjusted HR 0.88, 95% CI 0.82-0.96; p = 0.002), but this difference was not significant in patients without bone metastases. The major limitations of the study are its retrospective nature, the heterogeneity of the methods to detect bone metastases, and the lack of data about patients treated with bisphosphonates. Conclusions: The relative benefit of targeted therapies in mRCC is not affected by the presence of bone metastases, but patients without bone metastases have longer response to therapy and overall survival.
Introduction
The skeleton is commonly affected by metastatic cancer. Genitourinary tumours, such as prostate and renal cell carcinoma (RCC), are particularly likely to spread to the bone. This represents the first and the fourth causes of bone metastases at post-mortem examination, with an incidence rate of 70% and 35% of cases, respectively. 1 In renal cancer, bone metastases represent the second most common site of distant metastatic spread (after lung). 2 Generally, the most frequent sites are pelvis, spine and ribs. [3] [4] [5] [6] Skeletal involvement in RCC is an aggressive, lytic process causing significant morbidity from skeletal-related events (SREs). 3 In mRCC, SREs have been related to decreased functional independence, loss of autonomy and decreased quality of life compared with bone metastases from other tumours. 7 During the last decade some targeted therapies have been approved for mRCC; 8 these can be classified as follows: (1) inhibitors of the vascular endothelial growth factor (VEGF) (i.e., bevacizumab in combination with interferon) or its receptor (VEGFR) (i.e., sorafenib, sunitinib, pazopanib, axitinib), and (2) mTOR inhibitors (mTORi) (i.e., temsirolimus and everolimus).
Current guidelines recommend VEGF/VEGFR inhibitors as first-line therapy and temsirolimus in poor-risk patients, while there is no univocal indication for mTOR or VEGFR inhibitors as subsequent lines. [9] [10] [11] [12] Given the increasing incidence of RCC, improvements in overall survival (OS) over the last decade, and the high rates of SRE in mRCC patients, a better knowledge of the efficacy of these agents in bone mRCC patients might help us select the best therapeutic sequence for our patients.
In patients treated with first-line tyrosine kinase inhibitor (TKI) sunitinib, bone metastases were significant and clinically relevant negative prognostic factors affecting progression-free survival (PFS) and OS, 13 but effectiveness of targeted therapies in subsequent lines in patients with or without bone metastases has never been assessed.
We therefore investigate the clinical efficacy of these agents in patients with bone metastases by retrospectively analyzing the clinical outcomes in a selected group of patients who received third-line everolimus (EV) or sorafenib (SO) for mRCC. 
Methods

Patients
We retrospectively reviewed consecutive patients with clear cell mRCC treated with three lines of targeted therapies at 23 centres in Italy. To avoid bias due to different treatments, only patients who received EV or SO as third-line were included in the analysis. For each patient, we collected information on baseline characteristics, such as age, sex, date of nephrectomy, prognostic class based on the Heng criteria, 14 and site of metastases at the beginning of the third-line treatment. Patients were analyzed based on type of treatment received and on the presence or absence of bone metastases. All patients received standard dose EV or SO after two previous lines of targeted therapies; treatments were administered until disease progression or until the patient developed unacceptable levels of toxicity. Response assessment by computed tomography (CT) or magnetic resonance imaging (MRI) scans was carried out according to local procedures every 8 to 12 weeks and assessed locally by a radiologist. The progression of disease was defined as a ≥20% increase of the long diameter according to the RECIST 1.0 criteria. 15 As reported by RECIST 1.0 criteria, bone metastases were not accepted as target lesions because they are non-measurable.
Statistical analysis
Statistics were only descriptive and values were expressed as median and interquartile range (IQR). PFS was defined as the time from beginning of treatment to progression or death from any cause, whichever occurred first. OS was defined as the time from start of third-line treatment to death or censored at last contact. PFS and OS were estimated using Kaplan-Meier method with 95% confidence intervals (CI) and compared across groups using the log-rank test. The Chi-Square test and t-test were used to assess differences between groups whenever appropriate. Spearman test (r s ) was used to asses any correlation between the BMs (yes or no) and type of therapy used (EV or SO). Survival analysis was adjusted for Heng prognostic criteria using Cox analysis. Statistical significance was set at p < 0.05. PASW (Predictive Analytics SoftWare, v.18; IBM SPSS) was used.
Results
General characteristics
A total of 281 mRCC patients treated with three lines of targeted therapies were screened. 16 
BMs and survival
A total of 76 patients (32.6%) had bone metastases at the beginning of third-line treatment. In these patients, the median OS was 10.4 months compared to 17.4 months in patients without bone metastases (p = 0.002) (Fig. 1 ). Among patients with bone metastases, 18.7% had ECOG-PS=0, in 48.0% had Eastern Cooperative Oncology Group-Performance Status (ECOG-PS) 1, and 33.3% had ECOG-PS 2; difference in the distribution of patients was significant when compared to patients without bone metastases ( 
BMs and treatment outcome
Of our study cohort, 143 (61.4%) received EV and 90 (38.6%) received SO; among the patients with bone metastases, 47 (32.9%) received EV and 29 (33.0%) received SO (Table 1) .
No correlation was found between the type of treatment and the presence of bone metastases (r s = 0.007, p = 0.92). In the overall cohort, EV decreased the risk of death by 20% compared to SO (unadjusted HR 0.80, 95% CI 0.72-0.88, p < 0.001); this result was confirmed when adjusted for the Heng criteria (adjusted HR 0.82, 95% CI 0.74-0.91, p < 0.001). When patients were divided by the presence Bone metastases in mrcc of less bone metastases, the effect of EV over SO was comparable; the adjusted HR in patients without bone metastases was 0.82 (95% CI 0.72-0.93, p = 0.002) and 0.84 (95% CI 0.71-0.98, p = 0.029) in patients with bone metastases (Table 2) .
EV decreased the risk of progression by 12% compared to SO (unadjusted HR 0.88, 95% CI 0.81-0.95, p = 0.001); this result was confirmed when adjusted for the Heng criteria (adjusted HR 0.88, 95% CI 0.82-0.96, p = 0.002). When patients were divided by the presence of less of bone metastases, patients treated with EV lived longer. The adjusted HR in patients without bone metastases was 0.88 (95% CI 0.80-0.97, p = 0.010) and 0.89 (95% CI 0.77-1.03, p = 0.12) in patients with bone metastases (Table 3) .
Multivariable analysis
On univariable analysis, predictors of OS included the Heng' prognostic criteria, the presence of bone metastases, the number of metastatic sites and the type of third-line medication administered. Multivariable analysis confirmed this, with the exclusion of the number of metastatic sites (Table 4) .
Discussion
To our knowledge, this is the first multicentre survey to investigate the effectiveness of targeted therapies related to bone metastases in patients who received third-line therapy for mRCC. In this retrospective analysis, only patients treated with third-line SO or EV were included. We were able to show that: (1) the presence of bone metastases is an independent negative prognostic factor; and (2) the presence of bone metastases is closely related to a worsening performance status. On the other hand, prognostic category is not affected, likely because it is based on other clinical and biochemical factors other than ECOG-PS.
This evidence is consistent with previous studies reporting a negative impact of skeletal disease on survival in mRCC patients. 17 Bianchi and colleagues found that a greater incidence of bone metastases was related to the thoracic extension of tumour spread; this was 10% in patients with exclusive abdominal metastases and 49% in patients with abdominal, thoracic, and brain metastases. 18 Our study shows the adverse prognostic role of bone metastases during the advanced phases of disease when patients have received more lines of therapy; we also report that bone metastases did not affect the activity of EV over SO. In fact, the decreased risk of death was comparable in iacovelli et al.
patients with or without bone metastases even if the absolute values of OS were shorter in patients with bone metastases. Therefore, the reported superiority of EV over SO should be read with caution mainly because results are not based on prospective trials. Our study has its limitations. Firstly, its retrospective nature limits data accuracy; however, the types of patients included represent a typical real-case scenario. Secondly, the heterogeneity of the methods used to detect bone metastases may lead to inaccurate data distribution; each technique has its own limits. Thirdly, we were unable to report the rate of patients who received bisphosphonate and to estimate its impact on prognosis. Other limitations were the lack of central review of disease progression, the lack of patients treated with the newer VEGFR-TKI axitinib, and the small cohort of patients with bone metastases.
There is no definitive data on the role of bisphosphonates to treat bone metastases from mRCC. In their subgroup analysis of 74 patients with mRCC, Lipton and colleagues found that zoledronic acid extended the time to the first event and reduced the risk of SRE by 61% compared to placebo (HR 0.394, p = 0.008). 19 In a recent retrospective analysis on 76 patients affected by mRCC and all treated with sunitinib, 35 received bisphosphonate and 41 were non-users. In the treated group, the bisphosphonate decreased the risk of progression by 45% (HR 0.55, p < 0.001) and of the risk of death by 60% (HR 0.4, p = 0.029). 20 Even if zoledronic acid has been reported to reduce the risk of SREs in these patients, 21 the benefit of this treatment needs to be balanced by the reported increase of risk of the osteonecrosis of the jaw, especially when the bisphosphonate is co-administered with an antiangiogenic agent. 22 The Heng criteria were used in the present analysis, even if they have never been validated in a third-line setting. As such, we were able to discriminate three populations with different outcomes.
Patients with bone metastases should be treated in a multidisciplinary context to improve survival, quality of life, and to decrease psychophysical suffering.
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Conclusion
The relative benefit of targeted therapies in mRCC is not affected by the presence of bone metastases, but patients without bone metastases have longer response to therapy and overall survival. 
